REPORT No. 376

SOME APPROXIMATE EQUATIONS FOR THE STANDARD ATMOSPHERE

By Warter S. DiesL

SUMMARY

This report, which was prepared for publication by the
National Advisory Committee for Aeronautics, containg
the derivation of a series of simple approximate equations

for density ratios £ 2o, Le gnd for the pressure ratio 2,
pe 8 Vo Po

in the standard atmosphere. The accuracy of the various
equations i3 discussed and the limits of applications are
giren. Several of these equations are in excellent agree-
ment with the standard values.

INTRODUCTION

A number of factors were considered before the
adoption of an aeronautical standard atmosphere for
use in the United States. A large majority of aero-
nautical requirements are met in any standard atmos-
phere which simply specifies the pressures, tempera-
tures, and densities at various altitudes. For this
reason it was decided that the standard atmosphere
should be based on some simple but definite relation
which gave pressures, temperatures, and densities in
close agreement with the average observed values.
The Weather Bureau, after comparing various for-
mulas with observed data, concluded that Toussaint’s
formula for linear decrease in temperature with alti-
tude up to the lower level of the isothermal atmosphere
at & temperature of —55° C. not only gave the most
satisfactory results, but it also had the great advantage
of extended official use abroad.! For these reasons it
was adopted for official use in this country.

In extended use the standard atmosphers has proved
quite satisfactory, but there are certain special cases
in which simple mathematical relations are essential
in order that integrations may be performed. This
condition has led to some criticism of the present
standard atmosphere, chiefly by those who prefer a
simple exponential expression for the density ratio.
It is possible to write approximate equations of various
forms which will give fair to excellent agreement with
the specified values in the standard atmosphers. Such
approximate equations are sufficiently accurate to meet
all ordinary requirements. The need for a systematic
series of these equations is apparent.

1 “Standard Atmosphere.” W. R. Gregg, N. A, C. A, Technical Repart No. 147
(1929).

In this report no attempt has been made to assemble
more than a representative series of simple approxi-
mate equations of the forms most frequently required.
It should be understood that many other types may
be used and that greater accuracy can be obtained by
the infroduction of additional terms or constants. The
complex forms, however, have such limited application
that their inclusion here is hardly justified.

In all of the equations given in this report the values
of the constants are based on the altitude & expressed
in feet. Since the values of nondimensional pressure
and density ratios at a given point are independent of
the altitude units, a conversion to the metric system -
may readily be made if required by the substitution
of (3.28083%,) for k in the equation, h, being the alti-
tude in meters.

EXACT EQUATIONS

By definition, the variation of absolute temperature
in the standard atmosphere is given by

T _ a
T=T,—ak, or I_L_(I_T.h)

For Tin ° C. and & in meters, the value of ¢ is 0.0065,
or for T'in °F. and A in feet the value of @ is 0.00356617.
The value of T, is 288° C. or 518.4° F.

In N. A. C. A. Technical Note, No. 992 it is shown

that
T\ 0. 3B
2-(7,) =a-7h

where R is the gas constant for air. Substituting the
standerd numerical values of the constants gives for

h in feet,
h 5.255

p_(q___"
pf(l 145366 @

p_({__ R N
p._<1 145366) (1a)

Equations (1) and (1a) are exact up to the lower
level of the isothermal atmosphere (A=35332 feet).
Other equations ® apply in the isothermal atmosphere.

and

t «Notes on the Standard Atmosphere,”” by Walter 8, Dieh], 1922

1 For a compilation of constants, exact equations and other dats, see **Standard
Afmosphere—Tables and Data,’ by Walter 8. Dlehl,.N. A, C. A. Technical Report
No. 218 (1925). .
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APPROXIMATE EQUATIONS. FOR DENSITY RATIO p%

Expanding equation (1a) and neglecting all but the
first two terms of the series gives

p_ 4.255h ( ) _
oo~ 1145366~ \ ! ~34160 @)
32000 \
16.'28000 N\e+-0/P, Stondard values
& N
& 24000 N :
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On Figure 1 there is given a plot of equation (2)
compared with the standard values of P. The agree-

ment is not satisfactory except for very low altitudes,
not greater than about 4,000 feet. As shown on
Figure 1, much better average agreement can be
secured up to about-16,000 fest if the slope of the line

is changed by using Z(% instead of 371% in equation

(2). The comparative values of £ are as follows:

Po
Altitude
2,000 4,000 6,000 8,000 | 10,000 | 12,000 | 14,000
feet | foet | feet | feet | feet | feet | feet
£ stondard...........- 0.0428 | 0.8381 | 0.8858 | 0.7850 | 0.788¢ | 0.6031 | 0. 6450
h
1—@) ............ 14 | L8820 | L8264 | .7es8 | .vova| .edsv| .so02
1555 ) -----=--| +9600 | .0000 | 8500 | .8000 | .7500 | .7000 | 6500

The second approximation is probably the best that
can be obtained from a simple linear equation. It is
sufficiently accurate at low altitudes for most purposes
where an approximation can be used.

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICS

If the third term in the expansion of equation (1a}1s
retained, we have

p h h\?

p—a=1—34160+(55736) @
Velues from this equation are plotted on Figure 2
for compsarison with the standard curve. The agree-
ment is very good up to about 16,000 feet, above
which the values from the equation are too high. A
marked improvement can be obtained by the use of &
larger constant in the denominator of the third term
of the expansion. For example, if 59000 is used
instead of 55236, the equation is

P—1

Po _34160+(59000) (3a)

35000
AL & HEERNEER
oo e =12 134160+ (F/59000)%
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FIGURE 2

and the resulting agreement is excellent up to 25,000

feet. Comparative values are as follows:
Altitude
10,000 | 16,000 | 20,000 | 25,000 | 30,000
foot | feet | feet | foet | feet | feet
istandard._....-.-...--....-.. 0.8616 | 0.7384 | 0.6201 | 0.5337 | 0.44%0 | 0.3740
lﬁgﬁg’— ------ —-] 8818 | 7400 | .0347 | .0456 | .4730 4168
B Pk

1 mwm - en L8608 | (7360 | .6265 | .0202 | .4475| .3800

The exponential approximate equation for the den-
sity ratio is
ﬁ._ ~ch
Do ¢ (4)
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At one time this equation was used extensively to
designate a standard atmosphere and it is still used in
some lines of work on account of convenience in
certain mathematical operations. In the N. A. C. A.
standard stmosphere, ¢ varies with altitude. A plot

of calculated values gives %=3416_0—0.12h, go that

. 1
below 20,000 feet the average value of ¢ is 33000"
Hence

A

=¢ 8 ’ (4a)

2

and an excellent approximsation is obtained by the use
of

2 o~ (amsm) (5)

which allows for the variation of ¢. Comparative
values for equations (4a)} and (5} are as follows:

Altitude

5@0 |10,000 15,000 | 20,000 | 25,000 | 30,000
t ; feet feet feet feet feet

f‘-standard .................. 0.8416 | 0.7384 | 0.6201 | 0.5827 | 0.4480 | 0.3740
A

e e .8600 | .7385 | .6408 | .5450 | .4683 [ .4025
A

e W ___| L8615 | .7885 | .6200 | .5325 | .4483] .8745

An approximate equation of the form

p_ 1
pe 1-tch 6)

cen not be used owing to the rapid variation of e.
The variation in % is linear with %, however, and given
by

%=33600 —0.53h 7)

substituting this in equation (8) gives

p _33600—0.53h -
po 33600 0.47h

This approximate equation gives excellent agree-
ment with the standard values &s shown by the
following comparison:

Altitude
1
5,000 | 10,000 | 15,000 | 20,000 | 25,000 | 30,000
foet | feet | Ieet | foet | feet | fest
:—_standan:l ..................... 0.8618 | 0.7384 | 0.6201 | 0.5327 | 0.4480 | 0.3720
33600—0.53%
e L8612 | .7388 | .6308 | .5848 | .4486 | .g7I2

A logarithmic form of the approximate equation is

£_ L
Pe log 1+ck ®
where ¢ has an average value of Wlaoo Substituting
this in equation (9) gives
p_ 91300 )
pe o8 (33600:Fh (10)

Up to 25,000 feet this equation gives excellent
agreement as shown by the following comparison:

Altitude
5,000 | 10,000 | 15,000 | 20,000 | 25,000 | 30,000
feet feet feet feet feet feet
:;s:andnrd_ .............. | 08618 | 0.7384 | 06201 | 0.5327 [ 0. 4430 | 0.3740
.
91300 .
log (m oo o] .8616 | .7890 § .6304 | .5830 | .44i0 . 3612

The foregoing equations represent the types most
frequently required. Many others may be found and
those given may be modified as necessary for particular
purposes. Table I lists the various equatfions as
given and shows the deviations from standard values.

APPROXIMATE EQUATIONS FOR ";’

The linear approximation for % is

%=1+ch 1)
_ 1 . . .
When €=35000 this equation deviates less than
1
1 per cent up to asbout 10,000 feet. hen ¢=55500

it is within 5 per cent up to 20,000 feet. The value of

%— varies almost linearly with altitude and & direct
plotting gives

%=34_-160—0.567h (12)

The equation obtained by substituting equation (12)

into (11) is practically identical with that obtained by
inverting equation (8). Hence, using the latter,

ps_ 33600+ 0.47h

> 33600—0.53% (13)
This is quite accurate up to 30,000 feet.
Introducing an k* term in equation (11) gives
Po_yy B pps
o 1+34160+bh (14)

This form is not very satisfactory, since /& varies

it

T
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from at sea level to 37000 at 20,000 feet. The

1

45000
— 2

average value is /b= 4—:0% or bh’=(470%6) .

The exponential form is obtained by changing the
sign of the exponent in equations.(4) and (5).

h

&po=ech=em (15)
and A
%z=e(m—w») (16)

Equation (15) is within 1 per cent up to 15,000 feet
and within 2.5 per cent up to 20,000 feet, which is
about the limit of its application. Equation (16) like
equation (5) is very accurate up to 30,000 feet.

In the logarithmic form of the approximate equa-
tion

=log (¢+ch) 17
the coefficient ¢ varies rapidly with % and below 25,000
feet has an average value of

1

¢=12000—0.33% (18)
Substituting this into equation (17) gives
32600+ 0.10%
12000 —0.33% (19)

This equation is fairly accurate up to 25,000 feet,
above which it deviates rapidly from the standard
values.

The aceuracy of these equations at various altitudes
is indicated in Table IT.

APPROXIMATE EQUATIONS FOR \/";

The linear approximation for\/ p—p" yfromequation (11),

\/%=1+%ch

When ¥e= W(I]Wthis equation is within 1 per centup
to 15,000 feet and within 5 per cent up to 25,000 feet.

is

20)

When %c=-5—0(1)W) the equation deviates more at low al-

titudes, but it is within about 3 per cent up to 30,000 |

feat.
Introducting an A* term in equation (20) as in equa-
tion (14) gives

\/”—;=1+ b bR

68320 @1

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

]
When bh*=<fﬁ) this equation is within 1 per cent

up to 30,000 feet.
The approximate equation corresponding to (8) and
(13) is
- po_  K+tch )
s E—(—ok @2)
This is formed from equation (20) by determining the
variation of (¥¢) with A, which on plotting is found to
be -
oo L
= 68320—0.707h

Substituting this into (20) gives
\/5= 68320 +0.293%
.Y o 68320-—-0.707h

of 1 per cent up to 30,000

(23}

This equation is within 115
feet.

The exponential approximate cquations are ob-
tained from equations (15) and (16) by dividing the
exponent by 2 in each case. That is

b

‘/?; — ¢ 5 (24)

and -
B

_\/E': = e(as‘am—o.m) (25)

Equation (24) is within 1 per cent up to about 20,000
feet, but above this altitude it deviates rapidly.
Better average agreement can be obtained by in-
creasing the exponent slightly. For example

.- b
P

is within 0.75 per cent up to 25,000 feet and it is out
by about 1.5 per cent at 30,000 feet.-

Equation (25) is exact for all practical purposes, the
maximum deviation being about two one-hundredths
of 1 per cent.

In the logarithmic form of the approximate equa-
tion, similar to (17)

(248}

-\/p—p’=10g (e +ch) (26)
it is found that :
2 =25000 - 0.42A @7)
Substituting this into (26) gives
68000 —0.14%
&\ 25000 —0.42% (28)

This equation is within two-tenths of 1 per cent up to
30,000 feet.
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APPROXIMATE EQUATIONS FOR PRESSURE RATIO pg

The equation for pressure ratio, ccrresponding to

equation (1), is
g
2 _ ___E_ e
Pa_<1 T, h)

~(1-zm55) ()

Expanding this equation and neglecting sll but the
first two terms gives

p_,__h

2.~ L T 37660 (29

Equation (29), like equation (2), does not give satisfac-

tory agreement for altitudes greater than sbout 4,000
. . h .

feet. Using 33000 instead of 57660 Sives reasonable

agreement up to about 14,000 feet.
Retaining the third term in the expansion of equa-

tion (1) gives

p_q__h < 3 ),
2.~ 1 %7660 T\ 43455 (30)

Equation (30) gives good agreement up to 15,000 feet,
but it diverges rapidly at higher sltitudes. Increasing
the value of the constant in the denominator of the
third term from 43455 to 48000, that is

D___h_ (L)
7.~ 1 ~37660 T\48000) (31)

gives much better general agreement up to 30,000 feet.
The comparative values from these approximations are
as follows:

Altitude ()
5,000 | 10,000 | 15,000 | 20,000 | 25,000 | 30,000
feet | feet | feet | feet | feet | feet °
;l's:andml ............. e 0.9320 | 06576 | 0.5642 | 0.4504 | 0. %700 | ©.2088
A
1—@ rememeanmcaeeeeeemd] L8103 | 6385 | .4577
I—m ............. —— 8485 | 6970 ) 5455 3040 2425, __ ____
& [RY
Pm.‘-(ﬁ:@;i)— ..... | .es25| .e914) .57 | .48s8| .e77m | .3ees
I—Z.Tw+(m ) S— | .e302 | .e810 | .so54 | .4s07 | 2677 | L3083

These values are plotted or Figure 3.
The exponential form of the approximate equation
for pressure ratio is

E)p—o=e"" (32)

. . . 1
¢ varies almost linearly with %, from ¢= 575608t sea

1 . .
level to ¢=5z7552t 30,000 feet. Fair agreement is

. 1
obtained up to 25,000 feet by the use of ¢=58000" that

is
r_ “m(l)oo ' 9
. e (32a)

Plotting the calculated values of ¢ against altitude

gives%=27660—.097h. Substituting this into equa-
tion 32 gives -

§= T (38)

SO0 N] .1~ n/27560% (1r/ 460007 -

TN \dr-hy27660 + (nyao4557
Q
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FIGURE 3

which is very accurate. Comparative values from
equations (32a) and (33) are as follows:

Altitude

51000 10,000 | 15,000 | 20,000 | 25,000 ( 30,000
et feet feet feet feet feet

;;1 standard_______ N | 0.8320 | 0.6876 | 0.5642 | 0.45%4 | 0.2709 | ©.2068
L]
3
R .8250 | .65051 .5515 | .4632] .|+ .5
—A
FARO— 0Tk —---- == L8320 | .6875| .5640| .4508 | .3714 275

In the approximate equation of the form

p__1
p. 1tch (34)
it is found that
%=27000—0.4Sh (35)
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Substituting equation (35) into equation (34) gives

P _27000—0.48h

2. 27000+ 0.6%% (36)

which is in excellent agreement with the standard
values up to 30,000 feet.:
In the logarithmic form of the approximate equation

P _ _€
Do IOg (1 +Ch)

¢ varies with & to a greater extent than was found for
the density ratio in equation (10). However, good
agreement can be secured up to 20,000 feet with

+ go that

37)

= 27800
75500

77800 + 7, (38)

Comparative values from equations (36) and (38)
are as follows:

Altitude
.

SI,ON 10,000 | 15,000 | 20,000 | 25,000
eat feet feet feet feet feet

0.8709

2 tandard.-ooeooeeeameeereee 0.8320 | 0.6876 | 0.5642 | 0. 4504 0. 2068
moo-om___: ...... oo .8810] L6800 ] .5600 | .46%0 | .3780 | 2068
log ( 755‘” .............. 8336 | 6920 | 5672 | .AB72 | 8676 |-oeeeee

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

APPROXIMATE EQUATIONS FOR VERY HIGH
ALTITUDES
The foregoing approximate equations have been
derived for the altitude range ordinarily required in
seronautical work. In certain cases it-may be desired
to use approximate equations up to very high altitudes.

. For this purpose the constants in some of the equations

may be so modified as to give good or reasonable agree-

ment—up to practically any required altitude. For
example, equation (5) with modified constants
A
L. (uooo——o.m‘) (39}

Po

gives good agreement up to altitudes greater than
60,000 feet. In a similar manner, equation (8) may
be written

p 81000—0.43h

po~31000F0.57% (40)
to give good agreement up to 60,000 feet. The range

of equation (10) can not be extended greatly by a
simple modification of the constants. Ilowever, the
introduction of an A? term will result in satisfactory
agreement, but the equation is too complicated to be
of value.

In genersal, the linear and simple exponential equa-
tions can not be extended to high altitudes.

BUREAU OF AERONAUTICE,
NavYy DEPARTMENT,
WasmiNgTon, D. C., September 19, 1980,
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Tasrr I

ACCURACY OF APPROXIMATE EQUATIONS FOR DENSITY RATIO pﬂ

[Deviations from standard values are glven a3 percentages In parentheses}
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Altitude and per cent of error
5,000 feet 10,000 feet 15,000 feet 20,000 feet 26,000 feet 80,000 feet
p& standard value____.__________| 0. 8616 0. 7384 0. 6291 0. 5327 0. 4480 0. 3740
1— 8750 7 6250 5000
0000 —~----~-------=-=-=-- . . 7600 . L8000 e
Per cent of error..___.______ (+1 55} (+1. 585) (—0. 66) (—6 14y
h A\

1—m+(m) ___________ . 8608 . 7360 . 6265 . 5292 . 4475 . 3800

Per cent of error____.______ (—0.09) {—0.33) (—0.57) (—0. 66) (—0.11) (+1. 60}

Y

e WO __________ .. . 8600 . 7365 . 6408 . 5450 . 4683 . 4025

Per cent of error_._____.___ (—0.19) (—0. 26) (42 02) (+231) (+4 53) (7. 62)
e 341”}0-“") __________________ . 8615 . 7885 . 6290 . 5325 . 4483 . 3745

Per cent of error—_ . _____ (—0.01) (+0.01) (—0.01) (—0. 04) (+0.07) (+0.13)
33600—0. 53k 0 4 8 8712
3360010 &7h - --~----—--"~-==- . 8612 . 7388 . 6308 . 5348 . 448 87

Per cent of error...___.__ (—0.05) (+4-0. 05) (+0.27} (-+0. 40) (+0. 13) L (—0.75)

91300
. . 6304 . 6330 . 4440 . 3612

log (33600 ') IS . 8616 7390 3

Per cent of error... o -._ (0) (+0.08) (-+0. 21) (+006) {—0.89) (—38. 43}
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TaBLe II

ACCURACY OF APPROXIMATE FORMULAS FOR %‘

[Deviations from standard values are glven as percentages ln parentheses]

Altitude
5,000 feet 10,000 feet 15,000 feet 20,000 fect 25,000 foet 30,000 fest
standard value. .o oo __ 1. 1608 1. 3542 1. 5896 1. 8772 2. 2320 2. 6737
h
. 1. 16 1.3 1. 1. form e o e e e
1+ 30000 =~ ~--=--=----—=*=-=-~ ; 7 33 500 667_
Per cent of error- o —a--——-- (+0. 47) (—1. 54) (—5. 98) (—10.7) oo oo
_h_ 1.200 1. 40 1.6 L 2
1+25000 R —mmm e 0 00 . 800 000 [commmomee o
Per cent of error. . —-oo—- (+4. 25) (+3. 38) (+0. 85) (—4 11) (—10.4) loaaeeeeae
et A L S 1. 161 1. 364 L 584 1. 870 2. 228 2. 695
Per cent of error..__.—_____ (0) (0) (0. 35) (—0. 38) (—0.02) (+0.78)
R (kY 1. 161 1. 854 1B 1. 83 2.
1+ 4160 l"(40500‘) B 76 0 115% """""""
Per cent of error.-——..___-- (0) (0) (—0.89) (—2.51) (—56.84) |ocommmeeaa
A
eW__ .. . 1. 164 1. 358 L 576 1. 834 2183 e
Per cent of error____._____. (+_0. 20) (+0. 28) (—0. 89) (—2.29) (—408) |omommmaeeao
(srwtian)
e\810-0.3A/ ______ __ . 1. 1608 1. 355 L 590 1. 877 2. 230 2. 670
Per cent of error....oeoo- (—0.02) (0. 04) (0) (0} (0) (0}
32600+0 10h
log 12000—0. 388 /-~~~ ~------ 1. 164 1. 366 1. 583 1. 87¢ 2. 280 2. 880
Per cent of error.. .. (40. 29) (+40.07) (—0. 41) (—0. 388) (+1.25) (A+7. 1)
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ACCURACY OF APPROXIMATE EQUATIONS FOR —‘/%—'

TasLe IIT

[Deviations from standard values are glven as percentages in parentheses]
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Altitude
5,000 feet 10,000 feet 15,000 feet 20,000 foet 26,000 feet 0,000 feet
‘@ standard value._.________ 1. 0773 1. 1637 1. 2608 1.3701 1. 4610 1. 6352
h
1+m _____________________ 1. 0833 1. 167 1. 250 1. 333 1. 417 |
Per cent error__________.___ (+0. 56) (+0. 26) _(—0. 86) (—2 69) (—5.17) oo
h
1-{-50000 _____________________ 1 100 1. 200 1. 300 1 400 1. 500 1. 600
Per cent error___________ (+2 11} (+2. 86) (+3. 11) (+2 18} (+0. 40) (—2. 15}
1+68320+<68320) ----------- L. 078 1168 - 1.268 1378 1. 500 1. 622
Per cent error._ . ___.._ (0. 06) (+0.37 (+0. 56) (+0. 60) (-}0. 40) (—0. 81)
68320--0. 2934
#8390—0 707R--~--~-------—-- 1. 0772 1. 1634 1 2599 1 3691 L 4936 1. 6368
Per cent error_ . ____.__ ’ (—. 009) (—0. 03} (—0.07) (—0.07) (—0. 03) (+0. 10}
A
e®woo ___ ] 1. 079 1. 164 L. 255 1. 354 L 461
Per cent error_____________ (+0. 18) 0 (—0. 43) (—117) (—2.21) el
A
e8I _ 1. 083 1. 172 L 269 1. 374 1. 487 1. 610
Per cent error_ . _____.__._ (+0. 49) (-+0. 72) (+0. 64) (4+0. 27) (—0.47) (—1 5%
(awtoms)
e\seu—0.2k/ _ __________ 1. 0773 1. 1639 1. 2808 1. 3704 1. 494 1. 635
Per cent error_____________ (V)] (+0.02) 0 (+0. 02) (1)) V)]
68000—0. 144 .
log 35000—0. 42% ) —--——-----— 1. 078 1. 164— 1. 260 1. 368 1. 491 1. 637
Per cent error_____________ (+0. 08} 0 (—0.07) (—0. 15} (—0.20) (+0. 13}
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TasLn IV
ACCURACY OF APPROXIMATE EQUATIONS FOR PRESSURE RATIO f—
[
[Devliations from standard values are given as percentages in parentheses]
Altitude
8,000 feet . 16,000 feet 15,000 feet 20,000 feet 28,000 feet 30,000 feet
;Lsmnda.rd VAlUO oo oo 0. 8320 0. 6876 0. 5642 0. 4594 0. 3709 0. 2068
-] " .
- .
e T - . 8193 . 6385 ABTT e e
Per cent error._ . ________ (—1. 53) (—7. 14) (—18.9) o
) T
Oy D — . 8485 . 6970 ;- 5455 . 8940 L2428 |oeoooo
Per cent error-— ... teel (4198 (+1 87) (—3.81) (—14.23) | (—84.80) |ooemcoeeen
A B\ '
1—m+(m) ___________ . 8325 . 6914 . 5750 . 4888 4213 | .3028
Per eent error_____________ (+0. 06) (+0. 55) (_+ 2.07) (+6. 40) (+15.2) (+32 2)
A B\
1‘27T60+(4_866'0) ........... . 8302 . 6819 . 5554 . 4507 . 3677 . 8063
Per centerror— ... (—0. 22 (—0. 83) (—1 56) (—1. 89) (—0. 86) (+3. 20)
-k
eI ___ . . 8250 . 8805 . 5615 . 4632 . 8824 . 3153
Per cent erroro - - . (—0. 84) (—1 03) (—0. 48) (+0. 83) (+3. 10) (+6. 23)
-k
e TOM=OTR ____________________ . 8320 . 6875 . 5640 . 4503 . 8714 . 2075
Per cent eTror—a e ceceee oo (0) (—0. 01) (—0.04) (—0. 02) (+0. 13) (0. 24)
27000—0. 48k
FTOTO T -~ - . ..8310 . 6890 . 5690 . 4650 . 3750 . 2058
Per cent erTOr— - —o_ (0.12) (+0. 20) (+0. 85) (+1.22) (+1.11) | -(—0.34)
75500 .
log. (m) _______________ . 8335 . 8820 . 5672 . 4572 . 3676 . 2678
Per cent error- - _______ (+0. 18) (+0. 64) (-+0. 30) (—0. 48) (—38. 58) (—9.77)




